Wolf-and the focusing of attention (Chelazzi et al. 1995 ; Deubel gang Klostermann, Marcel Burk, Wolfgang Heide, and Detlef and Schneider 1996; Hoffman and Subramaniam 1995) , and Kömpf. Lateralized human cortical activity for shifting visuospa-this coupling was also found in electrophysiological retial attention and initiating saccades. J. Neurophysiol. 80: 2900-cordings from monkeys' inferior temporal cortex (Chelazzi 2910(Chelazzi , 1998. The relation between shifts of visual attention and et al. 1993) and superior colliculus (Kustov and Robinson saccade preparation was investigated by studying their electrophys-1996). However, there is also evidence for separation of iological correlates in human scalp-recorded electroencephalogram both processes, both in human behavioral experiments (Stel- (EEG). Participants had to make saccades either to a saliently mach et al. 1997; Zelinsky and Sheinberg 1997) and in colored or to a gray circle, simultaneously presented in opposite visual hemifields, under different task instructions. EEG was mea-recordings from monkeys' lateral intraparietal area (Colby sured within the short interval between stimulus onset and saccade, et al. 1996). Thus it would be of considerable interest to focusing on lateralized activity, contralateral either to the side of study if and how human neurophysiological activity while the relevant stimulus or to the direction of the saccade. Three shifting attention is moderated by performing saccades. Third, how do these activations interact? With regard to the also the target of the saccade, largest 330-480 ms after stimulus onset, widespread over the scalp but with a focus again above first question, although saccades are finally generated in the lateral parietal sites, and 3) activity contralateral to saccade direc-brain stem reticular formation [not accessible to scalp election, beginning about 100 ms before the saccade, largest above troencephalogram (EEG) recording], this is done under cormesial parietal sites, with some task-dependent fronto-central con-tical control. Evidence from patients with focal brain lesions tribution. Because of their sensitivity to task variables, component (Heide et al. 1995; Pierrot-Deseilligny et al. 1995), experi-1 is interpreted as the shifting of attention to the relevant stimulus, ments in monkeys (Andersen 1989; Goldberg and Segraves component 2 is interpreted as reflecting the enhancement of the 1989), regional cerebral blood flow studies (e.g., Goebel et attentional shift if the relevant stimulus is also the saccade target,
both processes, both in human behavioral experiments (Stel- (EEG) . Participants had to make saccades either to a saliently mach et al. 1997; Zelinsky and Sheinberg 1997) and in colored or to a gray circle, simultaneously presented in opposite visual hemifields, under different task instructions. EEG was mea-recordings from monkeys' lateral intraparietal area (Colby sured within the short interval between stimulus onset and saccade, et al. 1996) . Thus it would be of considerable interest to focusing on lateralized activity, contralateral either to the side of study if and how human neurophysiological activity while the relevant stimulus or to the direction of the saccade. Three shifting attention is moderated by performing saccades.
components of lateralization were found: 1) activity contralateral For this purpose, three questions are relevant. First, which to the relevant stimulus irrespective of saccade direction, peaking cerebral areas are responsible for saccades and for shifts of 250 ms after stimulus onset, largest above lateral parietal sites, 2) attention? Second, what is the time course of their activation? activity contralateral to the relevant stimulus if the stimulus was Third, how do these activations interact? With regard to the also the target of the saccade, largest 330-480 ms after stimulus onset, widespread over the scalp but with a focus again above first question, although saccades are finally generated in the lateral parietal sites, and 3) activity contralateral to saccade direc-brain stem reticular formation [not accessible to scalp election, beginning about 100 ms before the saccade, largest above troencephalogram (EEG) recording], this is done under cormesial parietal sites, with some task-dependent fronto-central con-tical control. Evidence from patients with focal brain lesions tribution. Because of their sensitivity to task variables, component (Heide et al. 1995; Pierrot-Deseilligny et al. 1995) , experi-1 is interpreted as the shifting of attention to the relevant stimulus, ments in monkeys (Andersen 1989 ; Goldberg and Segraves component 2 is interpreted as reflecting the enhancement of the 1989), regional cerebral blood flow studies (e.g., Goebel et attentional shift if the relevant stimulus is also the saccade target, Paus 1996; Sweeney et al. 1996) , and cortical and component 3 is interpreted as the triggering signal for saccade stimulation studies in humans (e.g., Godoy et al. 1990 ; Lim execution. Thus human neurophysiological data provided evidence both for independent and interdependent processes of saccade prep-et al. 1994) suggest that three areas in each cortical hemiaration and shifts of visual attention.
sphere interact in triggering saccades, mainly toward the contralateral side: the frontal (FEF), the supplementary (SEF), and the parietal eye field (PEF). Of these saccade I N T R O D U C T I O N areas, the FEF and the PEF are situated near or within areas Shifts of visual attention are accomplished in everyday that are also responsible for covert shifts of visual attention. life by movements of the whole body or of the head or the Two centers were described to serve this latter purpose eyes only. The more minute movements are also the faster within either hemisphere (Posner and Dehaene 1994), ones, but attention may be shifted even more rapidly in mainly being responsible for shifts toward the contralateral covert form, without any overtly visible movement. The rela-side: a frontal and a posterior-parietal center. Relevant evition of these ''covert'' shifts of attention (Posner 1978) to dence was derived from patients with focal brain lesions saccadic eye movements, as the fastest means of ''overt'' (Bisiach 1993; Posner et al. 1984; Rafal et al. 1996) , experishifts, was the subject of a long and ongoing debate (e.g., ments in monkeys , and regional cerebral Fischer and Weber 1993; Posner and Petersen 1990; Rizzo-blood flow studies (Corbetta et al. 1993; Nobre et al. 1997 Nobre et al. ). latti et al. 1987 . Recent studies of reaction time and discrimEvidence from patients and from blood flow studies canination performance in healthy human subjects provided evi-not, however, provide much evidence with regard to the dence for a close coupling between saccade target selection second and third questions, the time course and interplay of activation of these areas, and thus of the processes of saccade The costs of publication of this article were defrayed in part by the preparation and attention allocation. In principle, these quespayment of page charges. The article must therefore be hereby marked tions can be studied by electrophysiological measurement of lent temporal resolution (Rugg and Coles 1995) . Indeed, marily attention-related activity and time locked to saccade onset to obtain primarily saccade-related activity. progress was made with regard to attention allocation. Most relevant to the present purpose, task-relevant lateral stimuli evoke a contralateral negativity, maximum at the occipito-M E T H O D S temporal junction, peaking Ç250 ms after stimulus onset Subjects (''L-250'', L for lateralization), perhaps generated in area V4 (Luck et al. 1997 ) and interpreted as related to the attenTwelve subjects, four men and eight women, mean age 26 yr tional shift induced by the eliciting stimulus (Eimer 1996; (range 23-29 yr) , one left-handed, participated in the experiment. Girelli and Luck 1997; Luck and Hillyard 1994a,b ; Van der They had normal or corrected-to-normal vision and no history of neurological disorders. Lubbe and Woestenburg 1997; (L-250 was called ''N2pc'' in several of those studies). Somewhat in contrast, studies of saccade preparation Stimuli and procedure have so far not yielded unequivocally converging evidence Subjects were seated in a comfortable armchair in a soundproof, for contralaterally enhanced activity of PEF, FEF, and SEF. electrically shielded chamber and viewed the 14-in. Multisync Although some contralateral enhancement was found (Ever-monitor from a distance of Ç120 cm. ling et al. 1998; Evdokimidis et al. 1992; Klostermann et al. A white fixation cross (0.45Њ wide and 0.35Њ high) was displayed 1994; Moster and Goldberg 1990; Thickbroom and Mastag-continuously in the center of the screen. In each trial, two filled lia 1985a), its topography and timing widely differed be-circles (diameter 0.65Њ) were presented for 1,600 ms at symmetritween studies and was not found at all in other studies (Ev-cal locations (5.5Њ left and right from fixation). One circle was gray; the other was red, green, or blue, in random order across dokimidis et al. 1996; Everling et al. 1997) . We reasoned trials. The presentation sides of the colored and the gray circles that some part of this variability between studies might be varied randomly; 900 ms after the offset of the two circles, the due to the approach of studying saccades in isolation, without next trial started. (Three consecutive trials are schematically reprerequiring the subjects to distinguish between relevant and sented in Fig. 1, left) . Stimuli were presented in this bilateral, irrelevant stimulation. Thereby, saccades might have been symmetrical way to avoid early exogenous effects on the ERLs deprived of their important function of assisting to shift vi- (Valle-Inclán 1996) and to have the same physical stimuli in each sual attention. saccade-related electrophysiological activity was measured There were two types of choice-response tasks, differing by the in the short interval between stimulus onset and saccade feature relevant for responding ( Fig. 1, right by stimulus relevance could be separated from lateralizations 1b, and 2 were arranged in pseudo-random order within one sescaused by purely perceptual reasons. Second, although the sion, different for each subject.
relevant stimulus was also the saccade target in the easy tasks, this was not necessarily the case in the difficult task.
Recording and data processing Thus, by comparing between tasks, allocation of attention could be separated from saccade preparation. Third, analysis EEG was recorded from Fz, FC3, FCz, FC4, T7, C3, Cz, C4, was restricted to the difference in activation between re-T8, CPz, P7, P3, Pz, P4, P8, PO7, PO8, O1, and O2 ( expression of activity toward the contralateral side. The large EEG signals were amplified between 0.032 and 25 Hz, EOG unspecific activity is filtered out by this contralateral-ipsilat-signals between 0.032 and 70 Hz by a Nihon-Kohden 4421. Trigeral subtraction (see Fig. 3 ), as are constant hemispheric gered by the control computer, the EEG amplifier was reset to asymmetries (by averaging across left and right shifts). We baseline after each trial to avoid contamination of the EEG of the used the term ''event-related lateralization'' (ERL) for these next trial with residual EOG artifacts by the saccade. This was an difference potentials (Wascher and Wauschkuhn 1996; important methodological detail (first used in Wauschkuhn et al. Wauschkuhn et al. 1997) . intervals of ¢10 s were used in previous research for this purely were excluded when there were zero lines, out-of-scale values, slow drifts ú80 mV, or fast shifts ú100 mV/500 ms. The transmistechnical reason) (e.g., Klostermann et al. 1994) .
Triggered by the control computer, the data (EEG and EOG) sion of vertical and horizontal EOG into the EEG, as ocular artifacts, was estimated separately in areas of maximum EOG variance were stored on another PC and were digitized with 200 Hz from 100 ms before to 1,800 ms after stimulus onset. Off-line, trials and was subtracted out from the EEG data. Reliability and validity of such a procedure to remove the ocular artifact from the EEG were repeatedly demonstrated (e.g., Anderer et al. 1992; Kenemans et al. 1991; Verleger et al. 1982) . Further, of the several measurements taken, only one component, L-400 in the easy task, was measured on the average after saccade onset and was therefore at risk of being affected by incompletely removed saccade artifacts.
Data analysis
RESPONSE PARAMETERS. Response time was defined in each trial as the moment when the amplitude of horizontal EOG exceeded one-half of the mean peak amplitude of all correctly performed saccades (Ç2.75Њ). Mean latencies of the correct responses and frequencies of error trials were evaluated statistically by analysis of variance (ANOVA) for repeated measurements with the factors task (easy vs. difficult, i.e., task 1 vs. task 2) and target saliency (colored circle vs. gray circle, i.e., task 1a and compatible trials of task 2 vs. task 1b and incompatible trials of task 2). Because error frequencies could additionally be measured in the no-go trials of the color-defined task (task 2), further ANOVAs compared these error frequencies with the compatible and incompatible trials of this task.
EEG PARAMETERS. Trials with incorrect responses (wrong direction or saccades in no-go trials) were rejected from further analyses. Only difference potentials between hemispheres will be re-FIG . 2. Recording sites used in this study. The focus will be on analyz-ported. These ERLs were calculated as the difference potential ing the difference between symmetrical electrode pairs, contralateral minus contralateral-ipsilateral with respect to saccade direction (in noipsilateral to the direction of the saccade. For example, for the symmetrical go trials: with respect to position of the salient circle) separately pair FC3/FC4, the difference FC3 0 FC4 is formed for rightward saccades for each symmetrical electrode pair (FC3/FC4, T7/T8, C3/C4, and FC4-FC3 for leftward saccades; the average of these two differences is the mean contralateral-minus-ipsilateral lateralization for FC3/4. P7/P8, P3/P4, PO7/PO8, and O1/O2) and separately for each J057-8 / 9k2f$$de30
11-16-98 13:12:17 neupas LP-Neurophys surement factor with more than two levels, its degrees of freedom P õ 0.001). This latter effect was more marked in the easy task (task 1 target saliency: F Å 5.19, P Å 0.04) but was condition: forming the difference left minus right recording in the nevertheless still reliable in the difficult task (F Å 7.54, average over right-response trials, right minus left recording in the P õ 0.05).
average over left-response trials, and averaging these two differMore errors were made in the difficult than in the easy ences to yield the general difference contralateral-minus-ipsilateral. task (F Å 21.82, P õ 0.001) and with saccades to the gray Averaging over trials was done in two ways: stimulus-locked, than to the salient circle (F Å 29.21, P õ 0.001) equally i.e., all trials were temporally aligned to target onset, and response-for both tasks (task 1 target saliency: F Å 0.39, n.s.). The locked, i.e., all trials were temporally aligned to saccade onset.
error rate for no-go trials in the color-defined task was larger
Response locking was, of course, not possible for no-go trials. For than both for compatible (F Å 27.59, P õ 0.001) and incomboth the stimulus-locked and the response-locked ERLs, the 100 patible trials (F Å 13.53, P Å 0.004).
ms before stimulus presentation was taken as baseline.
ERL components were determined from inspection of the grand means and were then measured in each subject's ERL curves. Two EEG parameters components were measured in the stimulus-locked averages: LTo illustrate how lateralizations (ERLs) were computed, 250 and L-400, with L standing for lateralization and 250 and 400 denoting the approximate latency in milliseconds relative to Fig. 3 displays the grand averages of the event-related potenstimulus onset. L-250 appeared as a distinct peak; therefore the tials (ERPs) time locked to stimulus onset for salient targets amplitude and latency of this peak was measured in the time inter-in the easy constant-target task. The left and right recording val 180-310 ms after stimulus presentation. L-400 did not have a sites are rearranged to be contralateral and ipsilateral to sacclear peak in each subject's ERL and was therefore measured as cade direction. The difference potentials (contralateral minus mean amplitude 340-480 ms after stimulus presentation because ipsilateral) are plotted in the right column. In these ERLs, this interval covered activity in all conditions (Fig. 4) . One compo-negativity increased contralaterally to saccade direction at nent was measured in the response-locked averages as mean ampli-Ç250 ms after stimulus onset (L-250), most pronounced at tude in the time interval 100-50 ms before the saccade and was inferior-lateral parietal sites P7/P8 and PO7/PO8. After nounced at inferior-lateral parietal sites (P7/P8 and PO7/ activity would probably not, at least not only, be due to overlap from these stimulus-locked components if it had larger amplitudes PO8) but also well visible at superior-mesial parietal (P3/ in the response-locked than in the stimulus-locked averages and if P4) and frontocentral sites (FC3/FC4). Inspection of the its topography would remain constant across tasks in spite of differ-ERPs shows that L-250 was barely visible as a small different overlapping components. To detail, mean saccadic response ence on the descending flank of the N200 peak and that Ltimes were 334 ms in the easy and 467 ms in the difficult task 400 occurred briefly before the peak of the P3 complex. (Table 1) . Thus, on the average, SORL covered the epoch of 234-Evidently, these contralateral-ipsilateral differences can be 284 ms after stimulus onset in the easy task and of 367-417 ms more simply determined and analyzed when the large comin the difficult task. Therefore SORL overlapped with L-250 in the mon activity is subtracted out. The ERLs of the constanteasy task and with L-400 in the difficult task. If the topography of target task (for salient targets same as in Fig. 3 ) and of the SORL would be constantly different from these two components difficult color-defined task are displayed in Fig. 4 . Results across tasks, it would probably not or not only be caused by these are summarized in Table 2. two components. The same considerations apply for L-250 and L-400. If their amplitudes would be larger in stimulus-locked than L-250. There was one obvious difference between tasks. In in response-locked averages and if their topography would be con-the easy constant-target task, the L-250 was negative contrastant across tasks, they would not only be caused by the overlapping lateral to the actual direction of the saccade, both with sacsaccade-locked SORL.
cades to the salient and to the gray circle. In contrast, in the The same ANOVA designs as for response times and errors color-defined task L-250 was always more negative contrawere applied to the ERL components, measured at that electrode lateral to the relevant colored circle and thus had an inverted pair where they were maximum: L-250 at P7/P8, L-400 at PO7/ polarity with saccades to the gray circle. Therefore, for statis- Example for event-related potential (ERPs) and event-related lateralizations (ERLs). These are grand averages (i.e., averages across all subjects) of the recordings made in the easy, salient-target task. Stimulus onset is at 0 ms. Left column: ERPs recorded from symmetrical electrode pairs, with potentials from left and right sites separately averaged according to whether they were contralateral or ipsilateral to the direction of the saccade. For example, for FC3/ FC4, FC3 is contralateral for saccades to the right and FC4 is contralateral for saccades to the left; both are averaged separately and then averaged together to form the contralateral FC3/4 potential. Likewise, FC3 is ipsilateral for saccades to the left, and FC4 is ipsilateral for saccades to the right. Small differences between contralateral and ipsilateral curves are visible. Right column: these differences are plotted in the right column, as ERLs. Negativity of this contralateralipsilateral difference is plotted upward. The peak latencies of L-250 and of L-400 are marked by vertical lines. There is no corresponding peak in the ERP graphs. Note different scale of the y-axis. Horizontal EOG (hEOG) is treated analogously to the EEG. In the ERP column, hEOG is plotted with a small scale to illustrate the mean time course of the whole saccade. In the ERL column, hEOG is plotted with the same scale as the EEG to illustrate its fine-grained time course. 0.002). This effect was more marked in the easy task (task 1 the opposite direction and thus lowering L400's base level.
However, L-400 was also absent for no-go trials, where this target saliency, F Å 8.08, P Å 0.02, see Table 2 ) but was L-250 effect did not occur (F Å 14.04, P Å 0.003, compared still reliable in the difficult task (F Å 5.25, P õ 0.05). On with compatible trials) as small as with incompatible trials average, these delays were very similar to the delays of (F Å 1.25, n.s.). In contrast, L-400 did not differ between response times but did not correlate across subjects with saccades to the salient and gray circle in the easy task those delays. L-250 was also delayed in the no-go trials of (F Å 0.75, n.s.). Although L-400's topography appears to the color-defined task compared with compatible trials differ in Fig. 4 between the two tasks, this effect did not (F Å 15.13, P õ 0.01). become significant in the ANOVA on normalized amplitudes L-250 amplitude measured at P7/P8 was not affected by [F(6,66 ) Å 1.55, n.s.]. (Only saccades to the salient circle task or target saliency (except, of course, for the drastic entered this comparison because of the lacking L-400 with inversion when the gray circle was target in the color-defined gray circles in the difficult task). task, mentioned previously). However, topography differed between tasks [F(6,66) Å 2.22, e Å 1.0, P Å 0.05] because SORL. ERLs time locked to saccade onset are displayed amplitudes were relatively larger at P3/P4 in the easy than in Fig. 5 . Negativity increased contralaterally to saccade in the difficult task (F Å 7.56, P Å 0.02). (The apparent direction, beginning Ç100 ms before saccade onset, most difference at FC3/4, cf. Fig. 4 , was not significant). This pronounced at the parietal site P3/P4 in the difficult task. effect probably reflects the overlap of the saccade-onset-Distinct components are also well visible around saccade related lateralization in the easy task, as discussed in onset at T7/T8 and at FC3/FC4 but will not be further dealt METHODS .
with, being probably the lateralized part of the myogenic L-400 was a negativity contralateral to the direction of ''spike potential '' (Thickbroom and Mastaglia 1985b) . To the saccade in the easy task, both with saccades to the sa-avoid confounding by these potentials, the time window for liently colored circle and to the gray circle. Likewise, it measuring SORL ended 50 ms before saccade initiation. At occurred in compatible trials of the difficult task but was P3/P4, SORL was neither affected by task (F Å 0.01, n.s.) virtually absent with saccades to the gray circle in this task nor by target saliency (F Å 0.59, n.s.) nor by their interaction (task 1 target saliency: F Å 6.02, P Å 0.03; target saliency (F Å 1.75, n.s.) However, SORL's topography differed acin the difficult task: F Å 7.37, P Å 0.02). It might be argued cording to task and target saliency [F(6,66) First, in the color-defined task topography differed between ms after stimulus onset (means across subjects), maximum over inferior-lateral parietal scalp sites (PO7/8 and P7/8), saccades to the colored and to the gray circle (target saliency 1 topography in the difficult task [F(6,66) Å 7.07, e Å 0.53, 2) the L-400, measured from 340 to 480 ms after stimulus onset, likewise maximum over inferior-lateral parietal sites P õ0.001]; SORL was relatively larger before saccades to the gray than to the colored circle at FC3/FC4 (F Å 14.90, (PO7/8 and P7/8) but spreading to superior-mesial parietal (P3/4) and even fronto-central sites (FC3/4 and C3/4), P Å 0.003). (In contrast, the apparently large difference at PO7/PO8 was not significant, neither in normalized nor in and 3) a SORL, measured 100-50 ms before the saccade, maximum at superior-mesial parietal sites (P3/4) but likeraw data). Second, topography tended to differ between the two tasks for saccades to the salient circle (task 1 topogra-wise displaying a widespread topography, including inferior-lateral parietal sites (P7/8 and PO7/8) and frontophy for salient-circle saccades: F(6,66) Å 2.12, e Å 1.0, P Å 0.06); SORL was relatively larger at T7/T8 in the central sites (FC3/4 and C3/4). simple task than in the difficult task (F Å 20.30, P Å 0.001). This latter effect probably reflects overlap with L-250 in the L-250 easy task; L-250 is focused at lateral inferior parietal sites, in particular P7/8, but also extending to T7/8 (Fig. 4) ; L-250 was not a ''mechanical,'' exogenously produced therefore its overlap can be expected to make the topography consequence of asymmetrical stimulus configuration beof SORL more inferior-lateral.
cause, in the easy task, L-250 was negative contralateral either to the colored or to the gray circle, whichever was defined as target in that block. Neither was L-250 related to D I S C U S S I O N intended saccade direction because, in the difficult task, L-250 was always negative contralateral to the colored circle, Three components of lateralization were found, with different topographical distributions and latencies: 1) the L-even when the saccade had to be performed to the gray circle. Because it was always the colored circle that was 250, peaking in different conditions between 220 and 270 J057-8 / 9k2f$$de30
11-16-98 13:12:17 neupas LP-Neurophys L-250, Ç250 ms after stimulus onset; L-400, Ç400 ms after stimulus onset; SORL, saccade-onset-related lateralization; ANOVA, analysis of variance. L-250 and L-400 were measured in averages timelocked to stimulus onset, SORL in averages time-locked to saccade onset. Numbers are means (SDs) over subjects. Amplitudes of L-400 and SORL are smaller than L-250 amplitudes because the maximum peak was measured with L-250, whereas mean amplitudes across a time window were measured with L-400 and SORL. -, denotes that no effect was significant. FIG . 5. Response-locked ERLs. Grand averages, across all subjects. Different from Fig. 3 and Fig. 4 , 0 ms is time of saccade onset. Negativity of the contralateral-ipsilateral difference is plotted upward. The time window for measurement of the SORL is marked by the 2 dashed lines.
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11-16-98 13:12:17 neupas LP-Neurophys relevant in this task, defining saccade direction, L-250 evi-both task-relevant and targets of the required saccade, not if they were saccade targets only (gray circle in incompatible dently reflected which of the two circles was task-relevant. Therefore, in line with the literature quoted in the INTRODUC-trials of the difficult task) or task-relevant only (no-go stimuli). TION, L-250 can be interpreted as related to the attentional shift induced by a task-relevant stimulus.
Obviously, L-400 cannot be interpreted as a direct correlate of the saccade. First, it appears with similar latency in This indicator of attentional shift proved to be largely independent of saccade preparation. First, there was the pre-the easy task and in the difficult task while saccade onsets were delayed by Ç130 ms in the difficult task. Second, Lviously mentioned polarity reversal relative to saccade direction in the color-defined task. Second, its amplitude was 400 is less pronounced in the response-locked than in the stimulus-locked data. (Although still being visible, in the neither larger nor smaller in no-go trials than in Go trials. Third, L-250's peak preceded saccade onset by variable in-easy task, with its mean saccade onset of 334 ms, L-400 should occur briefly after saccade onset, and indeed there is tervals, on the average by Ç90 ms in the easy task and by Ç230 ms in the difficult task. The only argument in favor a widespread peak visible at 60-100 ms in Fig. 5 . In the difficult task, with its mean saccade onset of 467 ms, L-400 of a closer relation of L-250 to saccades is that L-250 was delayed by a similar amount as the saccades by decreased should occur from Ç120 ms before saccade onset to about saccade onset, and indeed such a component is visible in (gray) target saliency, both in the easy task (45 ms) and in the difficult task (13 ms). However, these delays did not Fig. 5 , appearing as a continuation of the SORL). This weak relation to saccade onset renders it also unlikely that Lcorrelate between subjects. Thus, in spite of this intriguing numerical similarity, we conclude that L-250 is not directly 400 is affected by artifacts caused by incorrect removal of saccadic voltages from the EEG by our off-line regression related to programming and execution of the saccade. Thus L-250 appears to be a pure indicator of covert attentional procedure (in the easy task, if at all, because in the difficult task L-400 occurred on the average before saccade onset). shifts, and the equal delay of L-250 and of saccades indicates that lower saliency of the relevant stimulus affected covert Therefore, although affected by the requirement to make a saccade, L-400 is evidently evoked by the stimulus, as is and overt attentional shifts to the same degree.
The delay of L-250 in no-go trials was not expected. the P3 component of the ERP with which L-400 overlaps (Fig. 3) . Participants perhaps searched for red or blue circles in a first step and, if this search failed, searched for the green circle.
The modulation by the requirement to make a saccade is a most interesting finding. If confirmed by further studies, The present findings about L-250 might be related to findings from experiments in monkeys. Neurons in area LIP (the L-400 may be a tool for studying the interaction between ocular and attentional movements; this issue was investiparietal eye field of monkeys) show not only visual and saccade-related activity, but their activity is enhanced in gated so far by complex dual-task behavioral studies only (e.g., Stelmach et al. 1997 ). L-400 might reflect some secresponse to a behaviorally relevant stimulus of a certain spatial location, even if the monkey is still waiting for the ond step of allocating attention after the step indicated by L-250. Such an additional step may make sense because the stimulus to appear . Further, during the preparation of antisaccades (saccades away from the elic-relevant stimulus has not only to be attended but is also the target of the new fixation. iting stimulus), LIP neurons are tuned more to the direction of the task-relevant target than to the direction of the saccade Any further interpretation of the function of L-400 must remain speculative at this moment. We know of only one (Gottlieb and Goldberg 1997) ; this finding directly corresponds to the present polarity reversal in the color-defined similar finding in the literature. Yamaguchi et al. (1994 Yamaguchi et al. ( 1995 reported a second lateralization in their study on shifts task. Similar to L-250, the LIP activity was interpreted as cueing of the attentional vector to a behaviorally relevant of visual attention, beginning Ç450 ms after onset of the lateral cue at posterior sites, spreading toward anterior sites. spatial location ). On the other hand, being maximum at posterior-lateral sites (P7/8), L-250 They tentatively related this lateralization to the controlled shift of covert attention, demonstrated by Müller and Rabbitt seems to be generated in cortical areas that are located more posterior and more lateral to the intraparietal sulcus (the (1989) as the slower way of shifting attention, compared with the fast reflexive shift evoked by the abrupt onset of assumed location of the LIP homolog in humans), possibly in V4 (Luck et al. 1997) , and therefore a relation to LIP lateral stimuli. In our data, however, this interpretation of L-400 would imply that the preceding L-250 indicates the activity might rather be seen in the more superior-mesially located SORL.
preceding reflexive, strongly automatic stage of attention, and this is not the case (as noted by one referee) because L-250 was not simply evoked by any abrupt onset of lateral L-400 stimuli but rather by the task-relevant member of a bilaterally presented pair. Alternatively, the overlap of L-400 with the L-250 was followed by a second contralateral negativity, termed here L-400, with a topographical maximum at infe-P3 component of the ERP might be more than pure accidence. Like P3 is known to be enhanced in response to taskrior-lateral parietal sites (PO7/8 and P7/8) similar to L-250 but displaying a more widespread topography, including relevant targets (Verleger 1988) so is L-400 here evoked by those task-relevant stimuli that are also saccade targets. superior-mesial parietal (P3/4) and even fronto-central sites (FC3/4 and C3/4). L-400 was absent for saccades in P3 was recently proposed to be related both to processing of stimulus meaning in the ventral stream and to processing incompatible trials in the difficult task as well as for no-go trials, that is, L-400 was evoked by stimuli only if they were of stimulus-response mapping in the dorsal stream (Verleger J057-8 / 9k2f$$de30
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